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Introduction

e History and logistics of Chesapeake Light
* Analysis of NASA and NOAA wind monitors
* NASA’s primary work and analysis

e Recent and future use of Chesapeake Light



Where is Chesapeake Light!?

e ~25 kilometers (~16 miles) East of Virginia Beach,Virginia
e Coordinates: 36.90 N, 75.71 W

* Water Depth is shallow. Only ~10 meters (~ 33 feet)




History of Chesapeake Light
® Built in 1965 and stands 36 meters (120 feet) tall
* Built to mark the entrance to the Chesapeake Bay

* Automated in 1980 (U.S.C.G. manned crews no longer needed)

* In 1997, NASA leased Cheslight from the U.S.C.G. for atmospheric and
oceanic research

e NOAA wind data available from 1984; NASA’s from 2000

* The Department of Energy will acquire Chesapeake Light in late 2012 with a
plan to install a wind monitoring tower for wind farm suitability studies




Transportation To Chesapeake Light

Helicopter Boat
(almost every time in |2 years) (rare, a few times in |2 years)




Communications at Chesapeake Light

2 Freewave Radios:

e 900 MHz
e 867 Kbps over the air throughput




Power at Chesapeake Light

7 5 kW generator
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cha” 6 - 1000 amp hour batteries
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Other:

* Inverter for AC power

e |2V to 24V DC to DC converter




NOAA and NASA wind

monitor locations
and height above sea level




Data Website for NASA Wind Measurements

ttp://cove.larc ov/COVE-DataDownloadTool.shtml

All selectables listed below are processed data items with calibration values applied.
Please select start and end dates for the data set: There are no data sets available prior to 1 May 2000.

‘START:|'1 2 uan 2 2012 %) |END: |'5 ‘) [ ser %[ zo12 %)

Choose data products: (1 minute statistics) Data Availability Graphics

[2000][2001 [2002|[2003 [2004 [2005 2006 [2007 e
|"l:](]8 |2,U(]'9 |q0]0 |,,0]] |2,0[2, | | | Instrurmnent Descriptions

|Mcan 4 |Min | Max | | Std Dev [

Select all data sets of interest then click download at the bottom of this form.

COVE-BSRN Quality Assured Data

The COVE data items given below have undergone extensive analysis and guality assurance procedures.
They are the same data elements that are submitted to WEMC-BSRER.
M

Downwelling SW Global | Downwelling SW Direct || Downwelling SW Diffuse [ | Downwelling LW Global

= 5 * NASA wind speed and

Radiometric Measurements
These data items are preliminary and have not undergone extensive quality checking.

direction data is available

| SW Direct #1 | SW Diffuse #1 1 sW Global #1 —| Calculated Global #1
| SW Direct #2 1 SW Diffuse #2 1 SwWW Global #2 [ Calculated Global #2

| LW Diffuse | B&W Pyranometer ] PAR #1 ] PAR #2 th e n eXt d a—y

| Sky Temperature

| MFRSR#1 Direct Mormail | MFRSR#1 Diffuse 1 MFRSR#1 Total
| MFRSR#2 Direct Normal ] MFRSR#2 Difiuse ] MFRSR#2 Total
| UVMFRSR Direct Mormal | UVMFRSR Diffuse 1 UWMFRSR Total

. .
ppwelne ® Pata resolution Is ever
| LW Irradiance 1 SW Irradiance [ Sea Surface Temperature 1 MFRSR Spectral Irradiance

| LW Irradiance #2

Microwave Radiometer m i n Ute

[ Integrated Water Vapor | Integrated Ligquid Water | Water Wapor Profile

In-situ Aerosols Instrumentation
[ Mephelometer ] Electric Aerosol Detector ] Condensation Particle Counter

| Aethalometer - black carbon [ | Aethalometer - optical attenuation [ | Aethalometer - airflow

Meteorological Measurements

Temperature [ Relative Humidity 1 Rain Sensor [ Barometric Pressure
| Wind Speed ] Wind Direction

Derived Values

—

Lowest Cloud Base Height

—

Long Cloud Parameter

All available selected data items will be assembled into one time synchronized output file.
[ check this box to generate single day files. 1 check this box for coincident data only

' Download \ ' Reset )
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Data Website for NOAA Wind Measurements

http://www.ndbc.noaa.gov/station histor

Conditions at CHLV2 as of
(2:00 pm EDT)
1800 GMT on 09/06/2012:
Unit of Measure: | English =

= | Time Zone:| Station Local Time | / Select \

Click on the graph icon in the table below to see a time series plot of the last five days of that observation.

Wind Direction {WDIR): W { 260 deg true )
Wind Speed (WSFD): 10 kis

Wind Gust (GST): 11 kts
Atmospheric Pressure (PRES): 29.8010n

Pressure Tendency (FTDY): -0.02 in { Falling )
Air Temperature (ATMP): B4.9 °F

Dew Point (DEWP): 734°F

Heat Index (HEAT): 918°F

Wind Speed at 10 meters (WSPD10M): 10 kts

Wind Speed at 20 meters (WSPD20M): 10 kts

Combined plot of Wind Speed, Gust, and Air Pressure
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Continuous Winds

TIME
(EDT) &WDIR EWEF’D

2:00 pm WSW ( 247 deg ) 11 kts
1:50 pm  SW (236 deqg) 13 kis

1:40 pm WSW [ 241 deg )
1:30 pm WSW ( 245 deqg)
1:20 pm WSW [ 237 deg )

14 kis
15 kis
14 kis

110 pm WSW [ 237 deg ) 15 kis

Peak gust during the
measurement hour

TIME
(EDT) E‘fs GDR Es GST
1:08 pm WSW (240 deg) 17 Kis

Previous observations

B Bobs BRBRBE R EEE K KKK

MM DD TIME WDIR WSPD GST WWHT DPD APD MWD PRES PTDY ATMP WTMP DEWP SAL VIS TIDE
(EDT) kis kis ft sec sec in in °F “F *F psu nmi

09 06 1:00pm 3W 14 16 - - - 2991 -002 837 - 745
09 06 12:00 pm 11 12 29.91 +000 819 - 774
09 06 11:00 am 3SW 14 14 29.92 +0.00 806 - 76.3
09 06 10:00 am 3W 15 16 2992 +002 799 - 754

hp?station=chlv?2

NOAA wind speed and direction is
available in near real time

Data resolution is every |0 mins.
(under continuous winds) and once
an hr. (under standard meteorological
data)

For historical data, data is located
here:

http://www.ndbc.noaa.gov/
station_page.php?station=chlv2

Station CHLV2 - Chesapeake Light, VA

Owned and maintained by National Data Buoy Center
36.910 N 75.710 W (36°54'35" N 75°42'35" W)

Available historical data for station CHLVZ include:

« Quality controlled data for 2012 (data descrotions)
o Standard meteorological data: Jan Feb Mar Apr May Jun Jul
o Continuous winds data: Jan Feb Mar Apr May Jun Jul

« Historical data (dafa descriptions)

2008 2009 2010 2011
¢ Continuous winds data: 1990 1991 1992 1993 1996 1997 1928 1999 2000 2001 2002
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NOAA WIND Climatology by bins (WS and WD) - 201 |

* Wind direction is from the South in the spring and summer but
tend to be in a more northerly direction in the colder months
* Winds are strongest in April with lightest winds in the summer

Distribution of Wind Direction Distribution of Wind Speed

= 0°- 90°
= 90°-180°
= 180°-270°
®m 270°- 360°

o
2]

o
”

°
N

o
w
T T

Frequency of Occurance

o
N

—_—
2
e
c
g
B
=
o
o
o
—
5]
=
)
=
[+
S
o
o
e

o
o

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N
o

Wind Speed (m/s)

Wind Direction

|

1 1 1 1 | 1 1 | 1 | | 1 1 1 1 | | 1 1 1 | ] 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

MONTH MONTH




NOAA vs NASA Wind Speed and Direction comparison - 201 | only

* Wind direction has less percent difference than Wind Speed

* Presume Wind Speed has higher percent difference due to NASA’s wind monitor
being located at instrument level, thus being obstructed by other instruments

Wind Direction Wind Speed

2011 Daily Averaged Wind Direction Comparison 2011 Dally Avarmged Wind Speed Comparison
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Potential site for a new wind monitoring
tower at Chesapeake Light

Mew met mast
top required to

o il B
reach 75m ASL




NASA Research at Chesapeake Light:

* Chesapeake Light is also known as the Clouds and the Earth’s Radiant Energy
System (CERES) Ocean Validation Experiment (COVE)

e COVE was established to provide continuous downwelling and upwelling solar
radiation measurements for surface validation of CERES and other satellites

e Compare surface measurements under 3 sky conditions (clear, partly cloudy
and cloudy sky) to modeled data

e Other parameters measured are aerosols, black carbon, water vapor, cloud
and aerosol vertical structure, meteorological and more

* COVFE's website is http://cove.larc.nasa.gov

-
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 Long view from helicopter
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Downlooking Uplooking
Instruments Instruments

Downwelling radiation
from sun and sky




o Downwelling SW Flux At Surface Comparison & Downwelling LW Flux At Surface Comparison
<
£ (January 2008 - February 2010) e (January 2008 - February 2010)
= Clear Sky (n = 156) =3 600 Clear Sky (n=154)
81 000 - Partly Cloudy (n = 290) o 4 @ Partly Cloudy (n = 290)
o | Cloudy (n = 278) e @ | Cloudy (n = 278)
Tt o a ° =
S ® " =]
g 800 |- ces ORGP ¢ o
a0 - s
< . e % ., < 400
3 % & e =
S 600 b . 0% ‘ °
(] l:\ S °® O o ®
o ® &, P o °
‘ ® c
'4% ° LR 1) «® [ g .‘.
g 400 - " ..‘ '.- g 200 -
8 [ o 2
K] e o]
9 200 —.f e ] 9
(] o] Q
3 3
= 0 J 1 1 1 l 1 | = 1 1 1 1 1
= 0 200 400 600 800 1000 = 0 200 400 600
n Surface Observations (W/m”2) - Surface Observations (W/m#2)

Sky _ 5 Standard Sky _ , | Standard
Condition Y = mx +b R Deviation Condition Y = mx+b R Deviation
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Current Measurement Collection at Chesapeake Light

Measurement Units Instrument Wavelength (nm)
Direct Shortwave Irradiance W/m? Kipp and Zonen Pyrheliometer 200-4000
Diffuse Shortwave Irradiance W/m? Kipp and Zonen Pyranometer 200-4000
Global Shortwave Irradiance W/m? Kipp and Zonen Pyranometer 200-4000
Longwave Irradiance W/m?2 Eppley Pyrgeometer 5000-50000
Photosynthetically Active Radiation (PAR) mV Li-Cor PAR 400-700
Global and Diffuse Narrowband Radiance |  W/m? | Yankee Multi-Filter Rotating Shadowband Radiometer 4'%’:;2;}3';&3”’
. , . 412,443,490, 532,551,
Direct and Diffuse Narrowband Radiance AERONET sunphotometer 667.870 and 1020
. , : mW/cm? 413,441,489,530,551,
Normalized Water Leaving Radiance <r um AERONET sunphotometer 668, 869 and 1020
Aerosol and Cloud Vertical Structure Micro-Pulse Lidar 523
Total Column Precipitable Water Vapor cm Global Positioning System (GPS) Meteorology
— 370,430,470, 520, 565
3 ’ ’ ] ) ’
Black Carbon pg/m Magee Scientific Aethalometer 700 and 950
Light Scattering Extinction Coefficient |/m Radiance Research Nephelometer 530
Sky Temperature Kelvin Heitronics Infrared Thermometer 9600-11500
Sea Surface Temperature Kelvin Heitronics Infrared Thermometer 9600-11500
Air Temperature °C Rotronic Temperature Sensor
Relative Humidity Percent Rotronic Relative Humidity Sensor
Barometric Pressure millibar Vaisala Pressure Sensor
, , N m/s and . oo
Wind Speed and Wind Direction 0-360° Young Wind Speed and Direction Anemometer

Rain Sensor

SKYE rain sensor




Summary:

e Chesapeake Light is located ~25km (16 miles) East of Virginia Beach,VA

e SSAI/NASA personnel travel to Chesapeake Light an average of twice a
month for routine maintenance, installation, data acquisition and calibration

* The Department of Energy will take over Chesapeake Light at the end of
2012 to monitor the wind energy potential offshore

* Wind measurements are collected from both NOAA and NASA
anemometers. However, NOAA’s is above any obstructions

* NOAA wind data is available every 10 minutes or every hour and in near real
time. NASA wind data is available every minute and available the next day

® Our work primarily focuses on continuous radiation measurements at
the surface for validating satellite data products and with aerosol studies

* Other unique research at Chesapeake Light include bat monitoring studies
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